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High performance liquid chromatographic separation of anabolic
oestrogens and ultraviolet detection of 17p-oestradiol, zeranol,
diethylstilboestrol or zearalenone in avian muscle tissue extracts

A multi-residue analysis was developed to-discern oestrogens (17B-oestradiol or zeranol) used
as anabolic drugs and diethylstilboestrol (DES) from the mycotoxins zearalenone and
zearalenol. A mixture of 178-oestradiol, oestrone, DES, zeranol, zearalenol, zearalenone and
zearalanone was analysed using a 5 um silica column with gradient elution from hexane to
hexane : methanol : 2-propanol, 40:45 :15 (v/v) and ultraviolet detection at 280 nm. Only six
peaks were obtained since zearalenone and zearalanone had identical elution times. Minimum
detectabilities were 5—10 ng for the standards. Chicken muscle tissues (2-5 g) were extracted
with acetone : water (95:5, v/v). The extracts were spiked with oestradiol and zeranol at 50,
100 or 200 ppb; and DES or zearalenone at 50 ppb; cleaned-up through dual columns of
basic alumina and phosphate exchanged AGMP-1 resin and analysed by high-performance
liquid chromatography with ultravioiet detection (HPLC-UYV). Minimum detectability was
10 ng for oestradiol, zeranol, DES or zearalenone when tissues were spiked at 50 ppb.
Recoveries were >86%, >83%, 60% and 100% for oestradiol, zeranol, DES and
zearalenone, respectively.

Introduction

There is a need to develop a practical and reliable method to monitor the residues
of anabolic drugs in tissues and fluids of food-producing animals. Anabolic oestrogens,
17B-oestradiol, 17p-oestradiol benzoate and zeranol are used as growth promoting
agents and to increase feed efficiency in cattle and sheep, while 17B-oestradiol
monopalmitate enhances uniform fat distribution in chicken roasters (Code of Federal
Regulation 1984, Herrick 1984). Diethylstilboestrol (DES) is banned in USA, Canada
and most EEC (European Economic Community) member countries but has been
found to be used illegally in veal calves. 178-Oestradiol, a steroid hormone naturally
present in man and animals, may be a possible health hazard to consumers if ingested in
quantities greater than physiological levels JARC 1979). No zeranol residue is allowed
in edible tissues of treated animals (Code of Federal Regulation 1984) but the presence
of naturally occurring mycotoxins (zearalenone and its metabolite zearalenol) can
interfere with the analysis. Zeranol is industrially produced from zearalenone
(Baldwin 1983). Zeranol and its metabolite, zearalanone, have similar structure to those
of the mycotoxins. These mycotoxins can be elicited by Fusarium moulds in feeds and
subsequently ingested by farm animals. The presence of zearalenone and zearalenol in
foods and feeds and their oestrogenic effects on farm animals were reported by Mirocha
et al. (1974, 1977, 1979), Hurd (1977) and Betina (1984). Hagler et al. (1980) mixed
zearalenone with ruminant feeds and found zearalenone and f-zearalenol transmitted in
milk. Scott ef al. (1978) also reported the presence of zearalenone in corn-based cereal
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foods. Availability of a reliable and sensitive method to monitor these contaminants will
help ensure the delivery of safe and wholesome meat and poultry products to
consumers.

High-performance liquid chromatography (HPLC) separation with ultraviolet or
fluorescence detection was developed mostly for analysis of single compounds or multi-
component systems for steroids, oestrogens, mycotoxins or anabolic drugs. The use of
HPLC for analysis of steroids was reviewed by Heftman and Hunter (1979). Ryan
(1976) reviewed its use in the analysis of hormone residues including DES, oestradiol
and zeranol. Recently, Roos ( 1980), Loesch and Simon (1983) and Lin (1984) reported
HPLC separation and identification of oestrogens by normal, reversed or partition
systems. Other investigators also reported determination of zearalenone and o-
zearalenol in porcine plasma (Turner et al. 1983), in chicken fat, heart and kidney
(Trenholm ef al. 1981) and in animal chow (Holder ef al. 1977). Hagler ef al. (1980)
determined zearalenone and B-zearalenol by reversed phase HPLC-UYV in bovine and
ewe milk, and Palysiuk ef al. (1980) measured zearalenone and zearalenol in sow’s milk.
Frishkorn et al. (1978) reported a simultaneous detection of zeranol and its metabolite
zearalanone in spiked meat tissues, while Grohman ez al. (1982) developed a multi-
residue analysis of anabolics (oestradiol, DES, zeranol, dienoestrol, hexoestrol and
ethinyloestradiol) in meat. Jansen et al. (1984) also developed separation techniques for
anabolics, stilbene derivatives, zeranol and derivatives in bovine urine for subsequent
analysis by radioimmunoassay, thin layer chromatography or gas chromatography—
mass spectrometry. Reported detectability by these methods were from low ng to ug
when the oestrogens were present in parts per billion to parts per thousand. There is
no reported HPLC-UV multi-residue method to analyse the anabolic drugs, their
metabolites and the mycotoxins simultaneously. Therefore, there is a need to develop a
multi-residue method to discern these classes of oestrogenic compounds.

This study presents (a) the development of a normal phase HPLC method to
separate oestradiol, oestrone, zeranol, DES, zearalenone, zearalanone and zearalenol
with ultraviolet detection at 280 nm; and (b) the use of our recently developed dual
columns of basic alumina and phosphate exchanged AgMP-1 resin to clean up acetone
extracts of avian muscle tissue.

Methods and materials

Reagents and equipment

We used basic alumina (80—200 mesh, Brockman activity 1), sea sand, precision
glass beads (3 mm), diethyl ether, anaesthesia grade (100 ml), and an IEC Centra-R7
centrifuge, AgMP-1 anion exchange resin (100—200 mesh) and polypropylene Econo-
Column from Bio-Rad Laboratories, Richmond, California; acetone, toluene, hexane,
methanol and 2-propanol (distilled in glass) from Burdick and Jackson, Muskegon,
Michigan; polypropylene pipette tips (5ml) from Rainin Instrument Company,
Woburn, Massachusetts; 176-oestradiol and oestrone from Sigma Chemical Co., St.
Louis, Missouri; DES and acetic acid (Gold Label) from Aldrich Chemicals Co.,
Milwaukee, Wisconsin; zeranol, zearalanone, zearalenone and a-zearalenol from
International Minerals and Chemicals Corp., Terre Haute, Indiana; a Polytron
equipped with a PTA 10 generator from Brinkman Instrument, Westbury, New York; a
Sonicator with microtip from Heat Systems, Plainview, New York; and a IKA rotary
shaker from Tekmar Co., Cincinatti, Ohio.
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HPLC apparatus. We used a silica column (5 um particles, 25 cm X 4-6 mm id.)
from Supelco; injector (Model 210) from Altex, Berkeley, California; gradient
programmer (Model 334), solvent delivery system (Model 420) and pumps
(Model 110A) from Beckman, Fullerton, California; UV—VIS variable wavelength
detector (Spectrofiow 773) from Kratos Analytical Instruments, Ramsey, New Jersey;
and Recordall Series 5000 from Fisher Scientific Co, King of Prussia, Pennsylvania.

HPLC separation of standards

The elution patterns of 17B-oestradiol, oestrone, DES, zeranol (zearalanol),
zearalenol, zearalenone and zearalanone (figure 1) were determined by HPLC using
a silica column. The conditions to maximize the separation of the seven compounds
were determined with gradient elution of mobile phases A (hexane) and B
(hexane : methanol : 2-propanol). Mobile phase B ranged in proportion from 80:15:5 to
40:45:15 (v/v). The elution patterns of oestradiol and oestrone were used as reference
standards.

a5 oy

178 -OESTRADIOL OESTRONE

OH 0 H CHy LI H CH,

16

HO

ZEARALANOL ZEARALANONE
ZERANOL

%z"s
HO@‘C =¢ @—on
CoHs

DIETHYLSTILBOESTROL
( BANNED)

ZEARALENONE ZEARALENOL

Figure 1. Structure of anabolic oestrogens and structurally related mycotoxins.
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Sample preparation and clean-up

Chicken muscle tissues (2.5 g) were homogenized in 10 ml acetone using the
Polytron for 20 s followed by sonication for 5 min and centrifuged at 3200 rpm, and the
supernate was decanted into silanized conical tubes. Another 8 ml acetone were added
to the pellet and the extraction process was repeated and the supernates of each samples
were pooled. The supernates of three sets of 2.5 g tissue samples were spiked with a
binary mixture of oestradiol and zeranol containing 125, 250 or 500 ng of each
compound. Another set of samples was spiked with 125 ng each of DES or zearalenone.
An unspiked extract was used as a control. The spiked extracts were transferred into a
5 ml polypropylene pipette tip containing approximately 1-5 g of alumina arranged in
tandem with the Econo-Column filled with phosphate-exchanged AGMP-1 resin up to
the 2-0 ml mark or an equivalent of 1-0 g dry resin (Medina and Schwartz 1986). The
extracts were allowed to percolate by gravity through both columns. The columns were
then washed with 4 x 1 ml acetone : water (95:5,v/v). The alumina column was
removed and the wall of the ion-exchange column was rinsed with 1 ml acetone : water
(95:5) and the oestrogens were eluted with 4 x 1 ml 10% acetic acid in acetone and
collected in silanized 15 ml conical tubes. The acetic acid/acetone effluents were blown
down to dryness with nitrogen at 40°C. Distilled water (0-5 ml) was added and the
aqueous mixture was extracted twice with 2 ml ether. The ether extracts were blown
down to dryness with nitrogen.

HPLC analysis of tissue samples

The dried ether extract was reconstituted with 250 41 of mobile phase B as the
oestrogens were not completely soluble in hexane at ambient temperature. Aliquots of
20 4l were analysed by HPLC using the optimum conditions selected to separate the
seven oestrogenic compounds.

Results and discussion

The normal phase HPLC separated the seven estrogens into six peaks.
Zearalenone and zearalanone were eluted as single peak (figure 2). The optimum
conditions were gradient elution (15 min) from 100% mobile phase A (hexane) to 40%
mobile phase B (hexane : methanol : 2-propanol, 40:45:15,v/v) at a flow rate of
2.0 ml/min and the peaks were detected at 280 nm. All seven compounds were eluted in
less than 15 min. However, because of the increased amount of methanol and 2-
propanol in the gradient, the baseline drifted. This shift in baseline is perhaps due to
increased viscosity of the mobile phase as the amount of solvent B is increased. This
figure also showed the broadening of the base of zearalenone, zearalanone, zeranol and
zearalenol peaks and indicated stronger interaction of these compounds with the
support than oestradiol, DES and oestrone. A higher concentration of more polar B
mobile phase was necessary to elute the former compounds, whereas oestradiol, DES
and oestrone were also eluted in less than 20 min by a gradient of hexane and
hexane : methanol : 2-propanol (85:15 :5, v/v) which is less polar than mobile phase B
used in this study. In figure 3, the elution time of a compound varied when
chromatographed individually compared to a faster elution time when analysed as a
component of a mixture. This suggests that there is an interaction among the
compounds which changes their behaviour with the surface of the solid support,
resulting in alteration of their solubility with the mobile phase. Table 1 shows the mean
elution times of the seven oestrogens as analysed individually or as a component of a
mixture with coefficients of variation of 2—49% for individually chromatographed
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Figure 2. A seven-component HPLC analysis of anabolic oestrogens: oestrone (E,), zearalenone (Z,),
zearalanone (Za, ), oestradiol (E,), diethylstilboestrol (DES), zeranol (Za,) and zearalenol (Z>).

compounds and <1% for compounds chromatographed as a mixture. The greater
variability of the individually analysed compounds can be attributed to a wider period
when the analysis was made vs. analysis of the mixture in one week. trans-DES (--DES)
when chromatographed individually showed a second peak which is attributed to its
isomerized form cis-DES (c-DES). This second peak develops as t-DES is stored in
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Figure 3. HPLC elution pattern of anabolic oestrogens analysed as single or mixed components of

oestrone (E,), zearalenone (Z,), zearalanone (Za,), cis-diethylstilboestrol (c-DES), trans-
diethylstilboestrol (+-DES), oestradiol (E,) and zeranol (Za,).



M. B. Medina and J. T. Sherman

‘UOHBLIBA JO JUSOYJR00 = A D)
"uonoafuy sjdures o3 Jold UONEZI[IqeIs UIL § J0j PAIALIOY) ,

01 920 $S0 — 650 980 9L°0 200 AD %
Z10 €00 900 — 900 80°0 L0'0 700 as
871 PS-11 18°01 — ST-01 926 ¥T6 £b-8 » (UIW) wp
:O_us_u
UBdN
€ 4 € —— € 4 £ £ N
24nxu v Sv paydpa3oipuiody)
— 4 €€ 0¥ 0t 07 € 0¢€ AD %
— 620 LEO  TYO 120 00 1€°0 L0 as
9L-T1 oL 11 €1-1T 09-01 LY-0l vL6 196 L8 » (UTW) awy
. uonnya
UBd
I 9 8 14 6 4 9 S N
paydv.iopuioays Ajjonpraipuy

_O:o_mbva _O:m..oN s8q-7 moQ-b _O_Uw.:wuo occcs_m._soN u:OEE&.—&oN uﬂo.:muo

"AN-D71dH 4q pasAjeue susfonsao ofjoqeue ay) Jo (urw) sawy uonns jo ANpigonpodoy | aqeL



Anabolic oestrogens in avian muscle

solvent at 4°C and increases with time. Therefore, +-DES standard must be freshly
prepared or kept at —20°C for storage. When a binary mixture of DES and 17p-
oestradiol were chromatographed, c-DES co-eluted with oestradiol. c-DES was
detectable when higher amounts (25 or 50 ng) of t-DES were analysed.

Linearity of the parent compounds of oestrogens (oestradiol, zearalezone, t-DES
or zeranol) were determined by analysing 5, 10, 25 or 50 ng. Oestradiol and zeranol
were detectable at 5 ng, and ¢-DES and zearalenone were detectable at 10 ng. These
detectabilities were based on peak heights at least twice greater than background.
The regression lines were y=0-997 + 0-0234x, r=0.996 for oestradiol; y=
0.0313 +0-0209x, r=0-997 for zearalenone; y=0~0580+0-0184x, r=0-990 for
+-DES; and y=0-0132 +0-0137x, r=0-999 for zeranol. Recovery of the standards
analysed by HPLC was approximately 80%.

Avian tissue extracts spiked with oestradiol and zeranol at 50, 100 or 200 ppb and
cleaned up with the dual columns of alumina and ion-exchange prior to HPLC analysis
showed that the oestrogens were detectable when an equivalent of 10 ng were injected
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Figure 4. HPLC chromatograms of avian muscle tissue spiked with 50, 100 or 200 ppb oestradiol and
zeranol and cleaned up through dual columns of basic alumina and phosphate-exchanged AGMP-
1 resin. A theoretical equivalent of 10, 20 or 40 ng/20 ul oestradiol and zeranol in tissue samples
were injected.
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into the column (figure 4). The peak height or area of oestradiol in this figure also
suggests that oestradiol can be detected below 10 ng. Recoveries were >86% for
oestradiol and >83% for zeranol. There were no interfering peaks where oestradiol or
zeranol eluted. Extracts of avian tissues spiked with 125 ng DES or zearalenone at
50 ppb also showed no interfering peaks with DES or zearalenone using the alumina
and ion-exchange clean-up procedure. Injection of an equivalent of 10 ng/20 ul
demonstrated the minimum detectable amounts for DES (figure 5a) or zearalenone
(figure 5b) with recoveries of 60% and 100%, respectively.

Oestradiol can be used as internal standard for the analysis of other oestrogens,
since oestradiol is stable and also possesses a highly reproducible elution pattern and a
relatively high absorbance. A binary mixture of oestradiol and other anabolic oestrogen
may be useful as standards in monitoring anabolic drugs as oestradiol is endogenous in
animals and may be detected along with other anabolics. Analysis of tissue extracts
spiked with a mixture of anabolics was not carried out in this study because in reality a
farmer may treat an animal with only one anabolic oestrogen and not a combination of
these compounds.

The described method demonstrated that anabolic oestrogens and structurally
related mycotoxins can be separated by HPLC and detected by ultraviolet detection at
low nanogram (c. 10 ng) levels when samples are spiked with low ppb (c. 50) of
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Figure 5. (a) HPLC chromatograms of (1) 10 ng DES standard, (2) unspiked chicken muscle extract
purified in alumina and ion-exchange microcolumns, and (3) column-purified chicken extract spiked
with 50 ppb DES injecting an equivalent of 10 ng/20 ul. (b)) HPLC chromatograms of (1) 10 ng
zearalenone standard, (2) unspiked chicken muscle extract purified in alumina and ion-exchange
microcolumns, and (3) column-purified chicken extract spiked with 50 ppb zearalenone injecting an
equivalent of 10 ng/20 ul.
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oestrogens. Extraction, purification and HPLC analysis of six duplicate samples can be
achieved in 1} days and should be applicable to screen oestrogens in cattle and sheep
tissues. This method can be used to complement immunoassay methods or it can be
employed as a preparatory method to fractionate samples so the identity of suspected
compounds can be confirmed by mass spectrometry.
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